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ABSTRACT 


—  ""*The  ignition  delay  times  of  Propene  Oxygen  Argon  mixtures  were  measured 
in  a  shock  tube.  The  concentrations  ranged  from  0.b%  to  l.b%  C^H^.  and 
2.7%to  14.4%  oxygen.  The  initial  pressures  were  50  to  133  torr,  and  the 
temperatures  achieved  were  1274  -1848  K. 

The  overall  ignition  delay  equation  for  Propene  Oxygen  Argon  mixtures  has 
a  value  of 

,*r=5.3  x  10'14  exp[(37.5xl03)/RT][C3H6]0-23  [O^-1*12  [Ar]°  sec 
A  kinetic  scheme  for  the  oxidation  of  propene  is  proposed. 


INTRODUCTION 


Propene  is  an  important  raw  material  in  the  production  of  polypropylene 
plastics.  It  was  also  found  to  be  an  intermediate  in  the  decomposition  of 
propane  [1],  the  first  step  to  occur  by  spontaneous  thermal  dehydrogenation. 
The  decomposition  was  also  found  to  occur  in  considerable  quantities  before 
any  oxidation  starts  in  the  ignition  process  of  propane  [2]. 

When  measuring  the  ignition  delay  time  of  propane  [2,3],  it  is  completely 
unclear  whether  the  correlation  found  is  that  of  propane  or  that  of  propane  + 
propene  +  propyne,  the  latter  being  a  degradation  product  of  propene  itself 
[4]. 

Thus  the  ignition  delay  values  of  propene  are  very  important  in 
elucidating  this  question. 


EXPERIMENTAL 

The  ignition  experiments  of  propene  were  performed  in  a  stainless  steel 
shock  tube  whose  diagram  is  given  in  Fig.  1.  The  tube  is  50  mm  in  diameter 
(two  inches)  and  4  meters  long.  The  driven  section  is  2.5  meters  long. 

Mylar  diaphragms  of  different  gauges  are  used.  They  are  burst  by  the 
driver's  gas  pressure.  The  driver  gas  used  in  this  study  was  Airco  pure 
grade  helium.  Two  specially  built  valves  divide  the  driven  section.  One  of 
the  valves  is  located  in  the  middle  of  the  tube  thus  permitting  half  of  the 
tube  to  be  filled  with  the  reacting  mixture  while  the  other  half  is  filled 
with  a  matched-impedance  neutral  mixture  or  argon. 

The  second  valve  allows  separation  of  the  end  block  of  the  shock  tube 
from  the  main  instrument  in  order  to  extract  gas  samples  from  the  tube  for 
analysis.  The  shock  speed  is  measured  near  the  end  block  over  a  distance  of 
200  mm  by  two  piezoelectric  gauges  connected  to  a  HP  3400  counter  with  a 


resolution  of  ±  0.1  ysec.  The  pressure  is  measured  by  a  Kistler  603A 
piezoelectric  gauge  mounted  into  the  end  plate.  A  home  made  thin  platinum 
heat  transfer  gauge  is  also  mounted  near  the  end  plate  of  the  shock  tube. 

The  gases  used  were  Matheson  Propylene  C.P.  99.0%  pure,  I.B.  Miller 
Oxygen  99.5%  pure  and  99.9%  pure  argon. 

Gas  mixtures  were  prepared  manometrical ly  in  stainless  steel  cylinders 
using  a  high  pressure  manifold.  They  were  left  overnight  to  mix  before  use. 
All  mixtures  used  are  listed  in  Table  I. 

The  reflected  shock  temperatures  were  calculated  using  the  standard 
conservation  equations  and  the  ideal  gas  equation  of  state, assuming  frozen 
chemistry.  The  enthalpies  of  propylene  were  recalculated  at  the  proper 
temperature  range  using  statistical  methods  [5]  and  well  determined 
spectroscopic  data  [6].  They  were  published  elsewhere  [7],  Oxygen  and  argon 
thermodynamic  properties  were  taken  from  thermodynamic  tables  [8,9]. 

RESULTS  AND  DISCUSSION 

As  shown  in  Table  I  6  propylene  -  oxygen  -  argon  mixtures  were  used  for 
the  seven  series  of  experiments  for  a  total  of  118  shocks.  The  mixtures  were 
prepared  in  such  a  way  as  to  permit  direct  deliniation  of  the  power 
dependencies  of  the  reactants  in  the  assumed  ignition  delay  equation 

x=  10~x  exp(+E /RT )  [C3H6]a  [02]b  [Ar]c  sec 

In  each  of  the  performed  shocks,  the  exact  mixture  and  initial  pressure 
were  known.  The  recorded  post  shock  experimental  properties  were  the 
reflected  temperature  T^,  the  density  ratio  o^/pg  and  the  ignition 
delay  time  t.  The  experiments  were  spread  over  the  temperature  range  in  such 
a  way  as  to  permit  maximum  sensitivity  to  the  determination  of  the  so  called 
"activation  energy". 
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Flgure  2  represents  series  A,  B  and  C  in  a  log  t  vs  1/Tg  graph. 

Mixtures  B  and  C  have  a  threefold  difference  in  the  argon  concentration 
(normalized  for  density  ratio  differences).  The  experiments  show  a  large 
scatter  and  a  mixture  of  the  data  of  the  two  series,  suggesting  negligible  or 
very  small  argon  power  dependency. 

Figure  3  represents  the  log  t  vs  1/Tg  for  series  0  and  E.  The  distance 
among  the  two  lines  is  very  small,  approximately  0.08  log  t  units. 

Therefore,  the  propene  power  dependency  should  be: 

log  te  -  a  log  (0.8*  C3Hg)  ♦  b  log  (7.2*  02)  ♦  c  log  A 

log  rD  ■  a  log  (4  x  0.8%  C^Hg)  +  b  log  (7.2*  02)  +  c  log  A 


substractlng  from  td  and  disregarding  the  small  differences  in  argon 
concentration 

log  (te  -  td)  .  a  log  4 


a 


log  (te  -  tq) 

log  4 


0.08 

JDT 


0.138 


Figure  4  represents  groups  F  and  G  on  a  log t  vs  1/Tg  graph.  As 
explained  above  the  oxygen  dependency  can  also  be  evaluated  from  the  graph 
and  It  Is  found  that  b  -  -1.33. 

Figure  5  represents  the  overall  plot  of  log  a  vs  1/T  for  a  maximum 
acceptable  spread  of  2a.  The  correlation  was  found  with  a  statistical 
"student-t"  program 

t-5.3  x  10"14exp(+(37150*1860)/RT)[C3H630,15*0*08C02]"1,12‘0,09[Ar]0,20t0,198sec 


This  correlation  Is  found  with  103  shocks.  Using  a  3o  correlation  with  115 
shocks  the  data  found  are 

t-1.9  x  10"14exp(+(37680*2326)/RT)CC3H6]0,23*0-1[02]"1,U‘0,12CAr]0,0sec 


Table  II  contains  a  list  of  all  shocks  performed  in  this  study  and  their  pre 
and  post  shock  parameters. 

This  investigation  should  be  regarded  in  the  proper  perspective  and 
compared  with  earlier  studies  on  propane  and  propyne  ignition.  Burcat  et  al. 
[2]  have  reported  the  following  equation  for  propane 

t—  4.4  x  10"14exp[(42.2xl03)/RT][C3H8]°-57[02]'1'22[Ar]0  sec 

The  findings  of  this  work  on  propene  gives  the  following  value 
r  =  5.3  x  10"14exp[(37.5xlO"3)/RT][C3H6]0-23[02]_1'12[Ar]0  sec 

Unpublished  results  of  propyne  ignition  [10]  read  approximately 
t-  4  x  10"12exp[(27.8xlO‘3)/RT][C3H4]'0'04[02]"°-92[Ar]0  sec 

Therefore,  the  reasoning  should  be  as  follows:  Earlier  studies  [1,2]  have 
shown  that  propene  is  easily  formed  during  the  propane  decomposition  and  that 
extensive  decomposition  occurs  before  oxidation  steps  start  to  influence. 

The  big  similarity  in  ignition  delay  values  of  propane  and  propene 
suggest  that  the  values  measured  for  propane  are  really  those  of  a  mixture 
that  contains  mainly  propylene  and  the  propene  influence  is  very  great. 
However,  propyne's  influence  on  propane  and  propene  is  smaller. 

The  kinetic  scheme  of  propene  ignition  should  be  calculated  using  earlier 
propane  oxidation  schemes  [3]  and  eliminating  from  them  the  propane  reactions 
such  as  the  first  13  steps  as  proposed  by  Jachimowski  [3].  In  their  place 
some  of  the  elementary  steps  proposed  recently  by  Kiefer  [11]  should  be 
included. 

The  proposed  scheme  should  include  a  list  of  reactions  from  different 
sources  [3,  10-14].  Table  III  lists  all  the  proposed  scheme  and  the  rate 
constants  found  in  the  literature. 
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Table  III.  Kinetic  Scheme  for  Propene  Oxidation 


A 

12 

^kcal 
ino  1  e 

Ref 

_  ^ 

.  • 

1) 

C3H6  ^  M  *  CH3  ♦  C2H3  ♦  M 

75 

5.4xl0/O 

-15.71 

120 

11 

?) 

C3H6  +  H  ^C3H4  +  H2  +  H 

1.6xl013 

0 

11 

-  j 

• 

3) 

C3H6  +  CH3^  CH4  +  C3H4  +  H 

2  xlO13 

14.0 

13 

4) 

1C3H7-  C3H6  +  H 

2  xlO14 

41.8 

11 

•  : 

5) 

iC3H7  ^C2H4  +  CH3 

2  xlO7 

0.0 

11 

6) 

C3H4  +  M  ^C3H3  +  H  +  M 

2  xlO17 

65 

11 

7) 

C3H4  +  H  ^C3H3  +  H2 

5  xlO12 

1  .5 

11 

8) 

C3H4  +  CH3^  C3H3  +  CH4 

2  xlO12 

7.7 

11 

9) 

C3H6  +  °2  -OH3CHO  +  CH20 

9.8xl010 

0.5 

0.0 

12 

•' 

10) 

C,H,  +  OH  **  CH^CHO  +  CH, 

3  6  3  3 

8. lxlO10 

0.5 

1.0 

1? 

ID 

C3H6  +  0  *  C3H4  +  H2° 

S.lxlO11 

0.5 

0.0 

12 

1?) 

0  +  C3H6  -  CH20  +  C?H4 

1  xlO13 

0.0 

3 

1 

13) 

C3H4  +  °2^  CH3C0  +  HC0 

l.OxlO11 

0.5 

0.0 

12 

14) 

C3H3  +  H2°  ^  0H  +  C3H4 

2.2xl01U 

0.5 

40 

14 

18) 

C3H3  +  OH  -  0  +  C3H4 

2.8xl09 

0.5 

27.9 

14 

■  ' 

16) 

C3H2  +  OH  **  C3H3  +  0 

7.8xl09 

0.5 

25.5 

14 

* 

• 

i-. 

17) 

C3H2  +  H2°  *  C3H3  +  0H 

2.6xl010 

0.5 

38.7 

14 

18) 

c3h2  +  0  -  c?h2  +  CO 

3  xlO13 

est  10 

■*» 

19) 

C3H3  +  OH  *  C2HO  +  CH-, 

2.6xl010 

0.5 

15.5 

14 

l: 

20) 

C3H2  +  OH  ^  C2H  +  CH?0 

3  xlO13 

est.  10 

L 


Table  III  (continued) 


(21)  C2H  +  02-  CO  +  CHO  1  xlO 

(22)  CH3CHO  +  OH  -  CH3CO  +  H20  6.5x10 

(23)  CH3CHO  +  H  ^  CHjCO  +  H2  2.4x10 

(24)  CH3C0  +  0  ^  CH3  +  C02  6.1x10 

(25)  CH3CO  +  02  -  CH2OH  +  C02  7.8x10' 

(26)  CH3CO  +  H  -  CH3  +  HCO  2.2x10' 

(27)  CHgOH  +  H  -  CH3  +  OH  2.2xl03 

(28)  C2H4  +  0  *  CH3  +  HCO  3  xlO] 

(29)  C2H4  +  0  *  C2H2  +  H20  3  xlO1 

(30)  C2H4  +  OH  *  CH3  +  CH20  1  xlO1 

(31)  C2H  +  02  ^  CH  +  C02  1  xlO1 

(32)  CH  +  02  CO  +  OH  S.lxlO1 

(33)  C2H2  +  OH  ^  C2H  +  H20  2.2X101 

(34)  C2H2  +  0  *  C2H  +  OH  3.4X101 

(35)  CH20  +  M  -  H2  +  CO  2.1X101 

(36)  CH20  +  OH  *  HCO  +  H20  2  xlO1 

(37)  HCO  +  M  -  H  +  CO  2  xlOL 

(38)  02  +  M  20  2.6X1011 

(39)  CO  +  02  -  0  +  C02  l.&xlO1, 

(40)  0  +  H2  OH  +  H  1.8xl01( 

(41)  H  +  O0  ^  20H  1.7xl01: 
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List  of  Figures 


Fig.  1:  Diagram  of  the  Shock  Tube. 


Fig.  2:  A  plot  of  log  t  vs  I/T5  for  mixtures  A,  B  and  C.  Mixtures  B  and  C 
show  the  argon  power  dependence  over  a  concentration  difference  of 
3.  The  spread  shows  a  zero  dependence. 


Fig.  3:  A  plot  of  log  t  vs  I/T5  for  mixtures  D  and  E. 
a  negligible  power  dependence  on  the  fuel. 


Fig.  4:  A  plot  of  log  r  vs  I/T5  for  mixtures  F  and  6. 
the  power  dependence  of  oxygen. 


The  difference  shows 


The  difference  shows 


Fig.  5:  A  plot  of  log  b  vs  I/T5  for  all  the  seven  mixtures  A  to  G.  The 
maximum  statistical  spread  allowed  was  2a. 
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